Camelina sativa (camelina) is an oilseed crop in the Brassicaceae that has been 16 genetically engineered for the production of biofuels, dietary supplements, and other industrial 17 compounds. Cultivation in North America is both recent and limited, so there are gaps in 18 knowledge regarding yield, weed competition, and pollen-mediated gene flow. For these 19 experiments, camelina 'SO-40' was grown for three years without weed control. Spring-sown 20 camelina was harvested at 80-88 days with ~1200 growing degree days (GDD) with yields of 21 425-508 kg/hectare. Camelina yields were the same with or without weeds, showing competitive 22 ability in low-management conditions. Crop failure in 2015 was associated with delayed rainfall 23 and above-average temperatures after seeding. Camelina flowers attracted pollinating insects 24 from the Hymenoptera, Diptera, Lepidoptera, and Coleoptera. Hymenoptera included honey 25 bees (Apis melifera), mining bees (Andrenidae), sweat bees (Halictidae), bumble bees (Bombus 26 spp.) and leaf cutter bees (Megachilidae). Insect visitation on camelina flowers was associated 27 with modest increases in seed yield. Honey bees comprised 28-33% of all pollinators and were 28
Pollen-mediated gene flow within camelina fields occurs at relatively low rates and short 93 distances, but the mechanism for pollen dispersal and distance for pollen dispersal are unknown 94 Sweepnet transects were conducted to identify and quantify pollinating insects in 2014 150 and 2016. No sampling was conducted in 2015 due to crop failure. Four sweepnet transects were conducted twice per day (10:00 am and 3:00 pm) on seven days before, during, or after 152 flowering (approximately 32-65 days after planting) when the weather was favorable for insect 153 activity (no precipitation, little or no wind). Insects were collected using a sweepnet (BioQuip, 154 catalog number 7312MS, Rancho Dominguez, California) passed across the top third of the 155 camelina plants while walking in a "W" pattern (four diagonal transects) across the field. Insects 156 were transferred to plastic bags, frozen, and sorted into functional groups. Insects were 157 identified in the lab using a microscope and taxonomic keys (Borror et al., 1976 
Pollen Sampling and Identification 161
Camelina pollen was collected the air using four rotorod boxes located at the center of the field and at 162 three locations 9m beyond the edge of the field (west, north and east). The rotorod boxes were 163 constructed by the author (C. Auer) and housed a DC motor attached to a rotating-arm impactor with 164 two narrow plastic impaction surfaces oriented vertically (plastic rods) that spin in a circle 165 (Muilenberg, 2003) . The plastic rods (2.98 mm width x 2.54 cm length on leading side) sampled a 166 volume of air ranging from 0.70 m 3 -0.76 m 3 per hour depending on the angular velocity of each 167 rotorod box (velocities varied from 2900 -3170 rpm). The leading side of each rod was given a thin 168 coating of silicone grease and replaced every 30 minutes. After field exposure, the rods were 169 transported to the lab where the number of pollen was counted using an Olympus SZH10 microscope 170 (Olympus, PA, USA) along a 1-cm section at the center of each rod. Pollen counts were converted 171 into number of pollen/m 3 /hour with an adjustment for the speed of each individual rotorod box where 172 the m 3 refers to the volume of air sampled.
To determine in honey bees were transporting camelina pollen, 10 bees were randomly 174 selected and frozen. The pair of legs bearing pollen baskets were placed in water and DNA 175 
Crop:Weed competition 182
Two experiments were used to measure the ability of camelina to compete against agricultural 183 weeds in the absence of herbicides. In each of three years, weeds in the subplots were removed 184 at the time of crop harvest and identified to species level, counted, dried, and weighed. A 
Crop Performance
value for growing degree days (GDD) was much lower in 2016. In 2015, the number of days to 219 seed germination and the end of flowering were delayed relative to 2014 and 2016 (Table 1) . 220
The values for GDD at harvest (80 or 88 days) were 1115, 1294, and 1367. This result was 221 similar to the 1230 GDD reported for plots in Europe and Canada (Zanetti et al., 2017) . 
Crop and Weed Interactions 284
Camelina was directly seeded into the field without herbicides or mechanical weed 286 control. In this site, seven or eight common agricultural weed species were identified each year 287 (Table 4 ). In addition, three weeds in the Brassica family were found at low abundance: Coleoptera, and Lepidoptera (Table 3 ). The number of Hymenoptera (bees) collected in each 366
year was higher than the other insect orders (Table 3) . Very few Lepidoptera and Coleoptera 367
were collected, but this may have been due to the sampling method and the behavior of these 368 insects in the field (e.g. more difficult to capture than bees). 369
370
The Hymenoptera included honey bees (Apis melifera), mining bees (Andrenidae), sweat bees 371 (Halictidae), bumble bees (Bombus spp.) and leaf cutter bees (Megachilidae). Honey bees were 372 the most abundant and leaf cutter bees were the least abundant (Table 3) . Twice as many honey 373 bees were collected in 2016 than 2014 (Table 3 ). The number of honey bees collected during the 374 peak three days of crop flowering was about 2-fold higher in 2016 than 2014. However, honey 375 bees were about the same percentage of all pollinators in both years (28% in 2014 and 33% in 376 2016). up a larger percent of total insect pollinators (28-33%) when compared to just 3% in a study in 403 two Mid-Western states (Eberle et al., 2015) . Conversely, camelina in Germany had a higher 404 percent honey bees (47%) (Groeneveld and Klein, 2014) . 405
406
Camelina also looks favorable when considering large-scale changes in land use for 407 biofuels production. A study in Ireland showed that oilseed rape fields had more bumblebees 408 than wheat or miscanthus grass (Stanley and Stout, 2013) . This study also showed that all insect 409 groups had higher species richness and abundance in the field margins where there were more 410 flowers of non-crop plants (Stanley and Stout, 2013) . Although not studied directly, annual 411 weeds in the camelina fields may have contributed to pollinator abundance or diversity. There is 412 increasing interest in managing agricultural weeds so that they provide resources (e.g. 413 overwintering habitat, food) for bees and other pollinators (Food and Agriculture Organization, 414 2015). Further research is needed to determine if camelina could be managed in spring or fall 415 plantings to optimize both yield and ecosystem services. 416 417 Insect exclosures were placed in the field to measure the effect of pollinators on seed 418 yield. Camelina plants were exposed to pollinators or placed inside net cages to prevent insect 419 visitation during flowering. An ANOVA showed no difference between years (p = 0.051), so 420 yield data from 2014 and 2016 were combined (n=200 plants per treatment group). Seed 421 biomass with pollinators was 0.29 + 0.20 gdw/plant compared to 0.24 + 0.16 gdw/plant without 422 pollinators (inside cages). Thus, camelina seed yield increased modestly when insect pollinators were able to visit the flowers (Fisher's LSD, p = 0.039 and Tukey's multiple comparison). A 424 similar study in Germany reported somewhat ambiguous results with a small yield increase for 425 the cultivar 'Celine', but not for 'Ligena' or 'Calena' (Groeneveld and Klein, 2013) . 
Conclusions 449
Camelina is a relatively new oilseed crop with strong potential to contribute to the 450 bioeconomy. However, introduction of this alternative crop must be balanced with 'duty of care' 451 which asks for predictive ecological risk assessments and risk management strategies. This is 452 especially important because camelina has traits commonly associated with weediness (e.g. rapid 453 germination, short lifecycle), and it is already a minor weed in North America. This project 454
showed that spring-sown camelina completed its lifecycle and produces 425-508 kg/ha with 455 weed competition in the Northeastern US. This competitiveness could be helpful in organic 456 production schemes where herbicides cannot be used. A variety of native and non-native 457 Hymenoptera (bees) and Diptera (flies) were attracted to camelina flowers, and pollinator 458 activity modestly increased seed yield. Experiments demonstrated for the first time that pollen 459 dispersal could occur through honey bees or wind, although bee activity would likely be more 460 significant for long-distance gene flow. Mean values are shown based on three days of sampling using rotorod boxes at the center of the 644 camelina field and three locations from the edge of the field (9m to the west, north and east 645 directions). Table 3 . Insect taxa and abundance in camelina fields. The percentage shown for Apidae has been divided between honey bees and 660 bumble bees (in parentheses). Mean and standard deviation are given for the number of individuals collected in transects on each 661 collection date. The number of individuals at peak flowering is the number collected on the three days with the highest % camelina 662 flowering (peak anthesis). Means with different letters show significant differences between years (2014 and 2016) based on a paired 663 
